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B-decays and B−B mixing within a heavy-light chiral quark model
Jan O. Eeg
Department of Physics, University of Oslo, Norway
We describe a recently developed heavy-light chiral quark model and show how it can be used to calculate decay amplitudes for heavy
mesons. In particular, we discuss B − B mixing, B → D ¯D, B → Dη ′ and the beta term for D∗ → Dγ .
1 Introduction
Some B-decays where the energy release is big compared
to the light meson masses, for instance B → pipi and B →
Kpi , has been successfully described by QCD factorization
[ 1, 2]. However, for various B-decays where the energy
release is of order 1 GeV or less , QCD factorization is not
expected to hold. The purpose of this presentation is to
describe how processes like B − B mixing [ 3], B → D ¯D [
4], B→Dη ′ [ 5], and in addition, some aspects of D-meson
decays [ 6, 7] can be described within a recently developed
heavy-light chiral quark model (HLχQM) [ 8].
In general, weak non-leptonic processes may be described
by an effective Lagrangian which is a linear combination
of quark operators where the (Wilson) coefficients are cal-
culated in perturbation theory. These quark operators are
bosonized within the HLχQM, where non-factorizable ef-
fects can be incorporated by means of gluon condensates
and chiral loops. The coefficients of the various terms of
weak chiral Lagrangians can then be calculated. In this
way we can make a bridge between the quark and the
mesonic sector.
2 The heavy-light chiral quark model
Our model is based on the following Lagrangian containing
both quark and meson fields:
L = LHQEFT +LχQM +LInt , (1)
where [ 9]
LHQEFT = Qv iv ·DQv +L (1)HQEFT +O(m−2Q ) (2)
is the Lagrangian for heavy quark effective field theory
(HQEFT). The heavy quark field Qv annihilates a heavy
quark with velocity v and mass mQ. Moreover, Dµ is the
covariant derivative containing the gluon field (eventually
also the photon field). The first order (m−1Q ) term is
L
(1)
HQEFT =
1
2mQ
Qv
(
−CM gs2 σ ·G + (iD⊥)
2
eff
)
Qv , (3)
where σ ·G = σ µνGaµν ta, and σ µν = i[γµ ,γν ]/2. Gaµν
is the gluonic field tensor, and ta are the colour matrices
(a =1,..8). This chromo-magnetic term has a factor CM ,
being one at tree level, but slightly modified by perturba-
tive QCD. (When the covariant derivative also contains the
photon field, there is also a corresponding magnetic term
∼ σ ·F , where F µν is the electromagnetic tensor). Fur-
thermore, (iD⊥)2eff =CD(iD)2 −CK(iv ·D)2. At tree level,
CD =CK = 1. Here, CK is different from one due to pertur-
bative QCD, while CD is not modified [ 10].
The light quark sector is described by the chiral quark
model (χQM), having a standard QCD term and a term
describing interactions between quarks and (Goldstone)
mesons [ 11]. Making a flavour rotation of the quark
fields qL and qR transforming as SU(3)L and SU(3)R re-
spectively, the Lagrangian can be written in terms of
quark fields χ transforming as SU(3)V triplets (see refs.[
11, 12, 13, 14] and references therein):
LχQM = χ
[
γµ(iDµ +Vµ + γ5Aµ)−m
]
χ − χM˜qχ , (4)
where χL = ξ †qL and χR = ξ qR. Here, ξ = exp(iΠ/ f ),
where Π is a 3 by 3 matrix containing the (would be) Gold-
stone octet (pi ,K,η) in the standard way, and f is the bare
pion decay constant. The quantity m is the (SU(3) - invari-
ant) constituent quark mass for light quarks. The vector
and axial vector fields Vµ and Aµ are given by:
Vµ =
i
2
(ξ †∂µ ξ +ξ ∂µξ †) ; Aµ =− i2(ξ
†∂µ ξ −ξ ∂µξ †) ,
(5)
and M˜q defines the rotated version of the current light mass
matrix Mq = diag(mu,md ,ms):
M˜q = M˜Vq + M˜Aq γ5 ; M˜V,Aq ≡
1
2
(ξ †Mqξ † ± ξM †q ξ ) . (6)
In the light sector, the various pieces of the strong chiral
Lagrangian can be obtained by integrating out the con-
stituent quark fields χ , and these pieces can be written in
terms of the fields Aµ , M˜Vq and M˜Aq .
In the heavy-light case, the generalization of the meson -
quark interactions in the pure light sector χQM is given by
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the following SU(3)V invariant Lagrangian [ 8, 15, 16]:
LInt =−GH
[
χk Hkv Qv +Qv Hkv χk
]
, (7)
where GH is a coupling constant, and Hkv is the heavy me-
son field containing a spin zero and spin one boson:
Hkv = P+(P
k
µγµ − iPk5 γ5) ,
Hkv = γ0(Hkv )†γ0 ; P± = (1± γ · v)/2 . (8)
Here the index k runs over the light quark flavours u,d,s.
The fields P5(Pµ) annihilates a heavy-light meson with
spin-parity 0−(1−), and velocity v. Note that for anti-
quarks, the heavy quark field Qv≡Q(+)v has to be replaced
by the heavy antiquark field Q(−)v in (2) and (7). At the
same time, the heavy meson field Hv≡H(+)v in (7) and (8)
has to be replaced by the antimeson field H(−)v , and the
velocity v is replaced by (−v).
In our model, the hard gluons are thought to be integrated
out and we are left with soft gluonic degrees of freedom.
Emission of such gluons can be described using external
field techniques [ 17], and their effect will be parameter-
ized by vacuum expectation values, i.e. the gluon conden-
sate 〈αspi G2〉. Our model dependent gluon condensate con-
tributions are obtained by the replacement
g2s GaµνGbαβ →
4pi2δ ab
(N2c − 1)
〈αs
pi
G2〉 1
12
(gµαgνβ − gµβ gνα) .
(9)
We observe that soft gluons coupling to a heavy quark is
suppressed by 1/mQ, since to leading order the vertex is
proportional to vµvνGaµν = 0, vµ being the heavy quark
velocity.
Note that opposite parity heavy meson states, like the re-
cently discovered D∗ resonance, can also be incorporated
in the formalism [ 18].
3 Bosonization within the HLχQM
The interaction term LInt in (7) can now be used to
bosonize the model, i.e. integrate out the quark fields.
This can be done in the path integral formalism, or in
terms of Feynman diagrams by attaching the external fields
Hkv ,Hkv ,V µ ,A µ and M˜
V,A
q of section 2 to quark loops.
Some of the loop integrals will be divergent and have to
be related to physical parameters, as for the pure light sec-
tor [ 11, 12, 13, 14]. The strong chiral Lagrangian has the
following form (see [ 8, 19] and references therein):
LStr = −Tr
[
Hk(iv ·D)Hk
]
+ Tr
[
HkHhvµV
µ
hk
]
−gA Tr
[
HkHhγµγ5A µhk
]
+ 2λ1Tr
[
HkHh(M˜Vq )hk
]
+ ... (10)

Vα,Aα
H H

Vα,Aα
H H

Vα,Aα
H H

Vα,Aα
H H
Figure 1. Diagrams contributing to the lowest order heavy-light
chiral Lagrangian.
where the velocity index on the heavy meson field is sup-
pressed, the ellipses indicate other terms (of higher order,
say), and Dµ contains the photon field. The trace runs over
gamma matrices.
Comparing the loop integral for the diagrams in figure 1
with the vector field Vµ attached to the light quark, we ob-
tain the following identification:
−iG2HNc (I3/2 + 2mI2+
i(8− 3pi)
384Ncm3
〈αs
pi
G2〉) = 1 , (11)
where I3/2 and I2 are linear - and logarithmic - divergent
loop integrals (these have to be interpreted as the regular-
ized ones). Note that for the kinetic term in (10) we obtain
the same relation as (11) due to the relevant Ward identity.
The relation (11) is analogous to the pure light sector
where the quadratic and logarithmic divergent integrals
are related to f (the bare fpi ) and the quark condensate [
11, 12, 13, 14]:
f 2 =−i4m2NcI2 + 124m2 〈
αs
pi
G2〉 , (12)
〈qq〉=−4imNcI1− 112m〈
αs
pi
G2〉 , (13)
where I1 is the quadratically divergent loop integral. As
the pure light sector is a part of our model, we have to keep
these relations in the heavy-light case studied here.
Also from diagram 1, with the axial field Aµ attached, we
obtain a similar identification for the axial vector coupling
gA . Using (11) this can be rewritten:
gA = 1+
4
3 iG
2
HNc
(
I3/2−
im
16pi
)
. (14)
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
ξ†Γα +

ξ†Γα
Figure 2. Diagrams for bosonization of the heavy-light left
handed quark current.
Within a primitive cut-off regularization, I3/2 is (in the
leading approximation) proportional to the cut-off in first
power [ 15], while it is finite in dimensional regularization.
We will keep I3/2 as a free parameter to be determined by
the physical value of gA .
Within HQEFT the weak current will, below the renormal-
ization scale µ = mQ (= mb,mc), be modified in the fol-
lowing way:
Jαk = χhξ †hkΓα Qv +O(m−1Q ) , (15)
where k and h are light flavour indices. The 1/mQ terms
contain an extra covariant derivative [ 9] and
Γα ≡Cγ (µ)γα L + Cv(µ)vα R , (16)
where L and R are left and right Dirac projection matrices.
The coefficients Cγ,v(µ) are determined by QCD renormal-
ization for µ < mQ and have been calculated to NLO. We
obtain to zero order in the axial field A µ (-or O(p0) in the
language of chiral perturbation theory. See figure 2):
Jαk (0) =
αH
2
Tr
[
ξ †hkΓα Hvh
]
, (17)
where
αH ≡ − 2iGHNc
(
−I1 +mI3/2+
i(3pi − 4)
384m2Nc
〈αs
pi
G2〉
)
.
(18)
We observe that, as this relation involves I1, there is a rela-
tion between αH and the quark condensate [ 8].
The coupling αH in (17) is related to the physical decay
constant fH by considering (for H = B,D):
〈0|uγα γ5b|H〉= −2〈0|Jαa |H〉 = iMH fHvα . (19)
Combining this with (17), and adding chiral corrections
and the 1/mQ corrections indicated in (15), we obtain
fH = 1√MH
[(
Cγ(µ)+Cv(µ)
)
αH +
ηQ
mQ
+
ηχ
32pi2 f 2pi
]
, (20)
where the model dictates us to put µ = Λχ . The quantities
ηQ and ηχ are given in [ 8].
The gluon condensate can be related to the chromo-
magnetic interaction via the H−H∗ mass difference:
µ2G =
CM
4MH
〈H| ¯Qvσ ·GQv|H〉 = 3mQ2 (MH∗ −MH) . (21)
An explicit calculation of the matrix element in equation
(21) gives
µ2G =
(pi + 2)
32m CM(Λχ)G
2
H〈
αs
pi
G2〉 . (22)
For further details, see [ 8].
4 B − B mixing and heavy quark effective
theory
At quark level, the standard effective Lagrangian describ-
ing B − B mixing is [ 20]
L
∆B=2
e f f = −
G2F
4pi2
M2W (V ∗tbVtq)
2 S0 (xt) ηB b(µ) QB , (23)
where GF is Fermi’s coupling constant, the V ’s are KM
factors (for which q = d or s for Bd and Bs respectively)
and S0 is the Inami-Lim function due to short distance elec-
troweak loop effects for the box diagram. In our case,
x = xt ≡ m2t /M2W , where mt is the top quark mass. The
quantity QB ≡ Q(∆B = 2) is a four quark operator
QB = qL γα bL qL γα bL , (24)
where qL (bL) is the left-handed projection of the q (b)-
quark field. The quantities ηB and b(µ) are calculated in
perturbative quantum chromodynamics (QCD). At the next
to leading order (NLO) analysis it is found that ηB = 0.55±
0.01 . At µ = mb (= 4.8 GeV) one has b(mb) ≃ 1.56 in
the naive dimension regularization scheme (NDR).
The matrix element of the operator QB between the meson
states is parameterized by the bag parameter BBq :
〈B|QB|B〉≡ 23 f
2
BM
2
BBBq(µ) . (25)
By definition, BBq = 1 within naive factorization, also
named vacuum saturation approach (VSA).
In general, the matrix element of the operator QB is de-
pendent on the renormalization scale µ , and thereby BBq
depends on µ . As for K−K mixing, one defines a renor-
malization scale independent quantity
ˆBBq ≡ b(µ)BBq(µ) . (26)
Within lattice gauge theory, values for ˆBBq between 1.3 and
1.5 are obtained [ 21].
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Running from µ = mb down to µ = Λχ = 1 GeV, there
will appear more operators. Some stem from the heavy
quark expansion itself and some are generated by pertur-
bative QCD effects. The ∆B = 2 operator in equation (24)
for Λχ < µ < mb can be written [ 23, 24] :
QB = C1 Q1 +C2 Q2 + 1
mb
∑
i
hiXi +O(1/m2b) . (27)
The operator Q1 is QB for b replaced by Q(±)v , while Q2 is
generated within perturbative QCD for µ < mb. The oper-
ators Xi are taking care of 1/mb corrections. The quantities
C1,C2,hi are Wilson coefficients. The operators are given
by
Q1 = 2 qL γµ Q(+)v qL γµ Q(−)v , (28)
Q2 = 2 qL vµ Q(+)v qL vµ Q(−)v , (29)
X1 = 2 qL iDµ Q(+)v qL γµQ(−)v + ...... (30)
There are also non-local operators constructed as time-
ordered products of Q1,2 and the first order HQEFT La-
grangian in (3). The Wilson coefficients C1 and C2 have
been calculated to NLO [ 23] and for µ = Λχ , C1(Λχ) =
1.22 and C2(Λχ) = −0.15. The coefficients hi have been
calculated to leading order (LO) in [ 24].
In order to find the matrix element of Q1,2 , one uses the fol-
lowing relation between the generators of SU(3)c (i, j, l,n
are colour indices running from 1 to 3):
δi jδln =
1
Nc
δinδl j + 2 tain tal j , (31)
where a is an index running over the eight gluon charges.
This means that by means of a Fierz transformation, the
operator Q1 in (28) may also be written in the following
way (there is a similar expression for Q2):
Q1 = 2Nc qL γ
µ Q(+)v qL γµ Q(−)v
+ 4qL ta γµ Q(+)v qL ta γµ Q(−)v . (32)
The first (naive) step to calculate the matrix element of a
four quark operator like Q1 is to insert vacuum states be-
tween the two currents. This vacuum saturation approach
(VSA) means to bosonize the two currents in Q1 (see (15))
and multiply them.
The second operator in (32) is genuinely non-factorizable.
In the approximation where only the lowest gluon conden-
sate is taken into account, the last term in (32) can be writ-
ten in a quasi-factorizable way by bosonizating the heavy-
light coloured current with an extra colour matrix ta in-
serted and with an extra gluon emitted as shown in figure 3.

B B
Γ Γ
Figure 3. Non-factorizable soft gluonic contribution to the bag-
parameter. (Here Γ≡ ta γµ L.)

pi0, η8

pi0, η8

pi0, η8

pi0, η8
Figure 4. Chiral loop corrections to the bag parameter.
We find the bosonized coloured current:
(
qLta γα Q(±)v
)
1G
−→ −GHgs8 G
a
µν
×Tr
[
ξ †γα LH(±)
(
±i I2{σ µν ,γ · v}+ 18pi σ
µν
)]
, (33)
where { , } symbolizes an anti-commutator. The result
for the right part of the diagram with ¯B replaced by B
is obtained by changing the sign of v and letting P(+)5 →
P(−)5 (see the comments below eq. (8)). Multiplying the
coloured currents, we obtain the non-factorizable parts of
Q1 and Q2 to first order in the gluon condensate by using
eq. (9).
Now the bag parameter can be extracted and may be writ-
ten in the form:
ˆBBq =
3
4
b˜
[
1+ 1
Nc
(1− δ BG)+
τb
mb
+
τχ
32pi2 f 2
]
, (34)
where
b˜ = b(mb)
[
C1−C2
(Cγ +Cv)2
]
µ=Λχ
. (35)
The soft gluonic non-factorizable effects are given by
δ BG =
Nc〈αspi G2〉
32pi2 f 2 f 2B
m
MB
κB
[
C1
C1−C2
]
µ=Λχ
, (36)
where κB is a hadronic parameter (depending on m, f ,µ2G
and gA ) of order 2. Note that we are qualitatively in agree-
ment with [ 22], where a negative contribution to the bag
factor from gluon condensate effects is found. The for-
mula (34) is a generalization of a similar formula found for
K−K mixing [ 14].
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Leading Order (LO)
LO + χ
LO + 1/mQ + χ
m (GeV)
Bˆ
B
s
0.300.280.260.240.220.200.18
2.00
1.80
1.60
1.40
1.20
1.00
Figure 5. The bag parameter ˆB for Bs as a function of m.
Numerically, f and fB are of the same order of magnitude,
and δ BG is therefore suppressed like m/MB compared to the
corresponding quantity
δ KG = Nc
〈αspi G2〉
32pi2 f 4 (37)
for K−K mixing. However, one should note that fB scales
as 1/
√
MB within HQEFT, and therefore δ BG is still for-
mally of order (mb)0. The quantity τb represents the 1/mb
corrections due to the operators Xi. Furthermore, the quan-
tity τχ represents the chiral corrections to the bosonized
versions of Q1,2 [ 3] and corresponds to the diagrams in
figure 4. The bag parameter ˆB is plotted as function of m in
figure 5 for the case Bs. From Table 1 and [ 3] we observe
that our results are numerically in agreement with recent
lattice results [ 21].
5 The processes B → DD
For these processes there are only two relevant four
quark operators. Within Heavy Quark Effective Theory
(HQEFT) [ 9], the effective weak non-leptonic Lagrangian
can be evolved down to the scale µ ∼ Λχ ∼1 GeV [ 25].
The b, c, and c quarks are then treated within HQEFT. As
an example of a typical factorized amplitude we choose the
case B0 → D+D−s which is visualized in figure 6:
A(B0 → D+D−s )F =
− GF√
2
VcbV ∗cs a2 ζ (ω) fDMD
√
MBMD (λ +ω) , (38)
where ζ (ω) is the Isgur-Wise function for the ¯B→ D tran-
sition. Here ω ≡ v ·v′ = v · v¯ = MB/(2MD) and λ ≡ v¯ ·v′ =
(M2B/(2M2D)− 1), where v, v′ and v¯ are the velocities of
the heavy b- c- and c¯- quarks respectively. The Wilson
coefficients ai contain short distance effects. Numerically,
a1 ∼ 10−1 and a2 ∼ 1 at the scale µ = mb. For µ < mc the
ai’s are complex and one has |a1| ≃ 0.4 and |a2| ≃ 1.4 at
µ ∼ Λχ ∼1 GeV [ 25].

s
D−
s
c

b c
B0 D+
d
Figure 6. Factorized contribution for B0 → D+D−s through the
spectator mechanism, which does not exist for the decay mode
B0 → D+s D−s we consider in this paper. The double dashed lines
represent heavy mesons, the double lines represent heavy quarks,
and the single lines light quarks.

B
b
d

D+s
D−s
c
s
c
Figure 7. Factorized contribution for B0 → D+s D−s through the
annihilation mechanism, which give zero contributions if both D+s
and D−s are pseudo-scalars.
The factorized amplitude for B0 → D+s D−s is visualized in
figure 7. Unless one or both of the D-mesons in the final
state are vector mesons, this matrix element is zero due
to current conservation, which is analogous to the decay
mode D0 → K0K0 [ 6].
In the following we will consider explicitly the decay
mode B0 → D+s D−s . The analysis of B0s → D+D− pro-
ceed the same way. To calculate the chiral loop amplitudes
we need the factorized amplitudes for B∗0s → D+s D∗− and
B0 →D∗+D∗−, which proceed through the spectator mech-
anism as in figure 6. We obtain the following chiral loop
amplitude for the process B0 → D+s D−s from the figure 8:
A(B0 → D+s D−s )χ = (V ∗cd/V ∗cs) A(B0d → D+d D−s )F · Rχ , (39)
where the factorized amplitude for the process B0 →
D+D−s is given in (38).
The quantity Rχ is a sum of contributions from the left and
right part of figure 8, and proportional to (mKgA /4pi f )2
which is 1/Nc suppressed. Numerically,
Rχ ≃ 0.12− 0.26i . (40)
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
B0 B∗0
s
D∗−
D+s
D−s
K0

B0
D∗+
D∗−
D+
s
D−s
K0
Figure 8. Non-factorizable chiral loops for B0 → D+s D−s .

B0
d
b

D+s
D−s
c
s
c
Figure 9. Non-factorizable contribution for B0 →D+s D−s through
the annihilation mechanism with additional soft gluon emission.
The wavy lines represent soft gluons ending in vacuum to make
gluon condensates.
The genuine non-factorizable part for B0 →D+s D−s at quark
level can, by means of Fierz transformations and the iden-
tity (31), be written in terms of coloured currents.
The left part in figure 7 with gluon emission gives us the
bosonized coloured current which is the same as for B−B
mixing in eq. (33). For the creation of a D ¯D pair in the
right part of figure 7, there is an analogue of (33). We find
the gluon condensate contribution for B0 → D+s D−s within
our model:
A(B0 → D+s D−s )G =
− GF√
2
VcbV ∗cq a2 〈
αs
pi
G2〉 (GH
√
MB)3
384m FG , (41)
where FG is a dimensionless complex function of λ . The
ratio between this amplitude and the factorized one in (38)
scales as MD/(NcMB) times hadronic parameters calcu-
lated within HLχQM. We define a quantity RG for the
gluon condensate amplitude (41) analogously to Rχ in (39)
for chiral loops. Numerically, we find that the ratio be-
tween the two amplitudes in (41) and (38) is
RG ≃ 0.055+ 0.16i , (42)
which is of order one third of the chiral loop contribution
in eq. (40).
Note that our non-factorizable amplitudes in (39) and (41)
are proportional to the numerically favourable Wilson co-
efficient a2.


0
B D
   


0
B D
t
a
  t
a
 
Figure 10. Gluon condensate contributions to B → Dη ′.
We find the branching ratios
BR(B0d → D+s D−s )≃ 7× 10−5 , (43)
BR(B0s → D+D−)≃ 1× 10−3 . (44)
The difference between the two branching ratios is mainly
due to the difference in KM factor. For further details we
refer to [ 4].
As mentioned above, the decay mode D0 → K0K0 [ 6] is
analogues to B0d → D+s D−s in the sense that there are only
non-factorizable contributions. The soft gluonic effects are
similar to that in figure 9, but with b replaced by c, which
means that the left part of the diagram can still be described
within HLχQM. In the right part of the diagram, cc¯ has to
be replaced by ss¯, and s replaced by d. In addition there
is a mass insertion for the light quark part. However, the
chiral loop diagrams are rather different in the two cases
because there is only light mesons in the final state for the
mode D0 → K0K0.
6 The process B →Dη ′
Within the HLχQM, gluonic aspects of η ′ may be treated
[ 5]. Using Fierz transformations for the four quark oper-
ators for b → cdu¯, we obtain contributions corresponding
to figure 10. In our approach two gluons are emitted from
the light quark lines. One of these (the virtual g∗) attach to
the η ′gg∗-vertex, and the other end in vacuum and make a
gluon condensate together with one of the other soft glu-
ons (g) from the η ′gg∗-vertex. This vertex which can be
written:
−1
2
Fη ′g∗gδ
abεµνρσ ε∗aµ Gbνρ(0)qσ (45)
where G(0) is the soft gluon tensor, ε is the polarization
vector of the virtual gluon, and q is the momentum of the
η ′. We have used existing parameterizations of the η ′gg∗-
vertex form factor F in (45) from the literature (at a scale
of order 1 GeV they are numerically not very different).
We have assumed that the current for B → g∗ is related to
the better known case B → ρ :
Jµa(B → g∗d) = 〈g∗d |btaγµ(1− γ5)d|B〉
= δ
ad
2
gs fρ
m2ρ
〈ρ |bγµ(1− γ5)d|B〉
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〈αs/piG
2〉 = 0
〈αs/piG
2〉 6= 0
m (GeV )
β
L
O
(G
eV
−
1
)
0.300.280.260.240.220.200.18
5.00
4.00
3.00
2.00
1.00
0.00
Figure 11. βLO as a function of the constituent light quark mass
with and without gluon condensate.
It turns out that the “factorizable” diagram to the left in fig-
ure 10 can be neglected compared to the non-factorizable
diagram to the right. Using the knowledge of the B → ρ
current matrix element, we obtain the result [ 5]
Br(B → Dη ′) = (2.2 ± 0.4) × 10−4 , (46)
for m in the range 230-270 MeV.
7 The β term for D∗ → Dγ
The chiral Lagrangian β -term has the form [ 19, 26]:
Lβ =
eβ
4
Tr[H H σ ·F Qξq ] . (47)
Here Qξq = (ξ †Qqξ + ξ Qqξ †)/2, where Qq is
the SU(3) charge matrix for light quarks, Qq =
diag(−2/3,−1/3,−1/3), and F is the electromagnetic
field tensor. The β term can be calculated in HLχQM, by
considering diagrams which look like those in figure 1, but
with the vector and axial vector fields Vµ or Aµ replaced
by a photon field tensor. To leading order, we obtained the
following expression :
βLO = G
2
H f 2
2m2
{
1+ Ncm
2
4pi f 2 −
(
56+ 3pi
576 f 2m2
)
〈αs
pi
G2〉
}
.
(48)
As seen from figure 11, β depends strongly on the con-
stituent light quark mass m because there is a partial can-
cellation between large terms in (48). One may hope that
1/mc corrections might help to stabilize the result , but this
is not the case. In fact, 1/mc corrections do not play a sig-
nificant role for m > 230 MeV. (For smaller m they even
pull in the wrong direction compared to the experimental
value of order 2-3 GeV−1 [ 7]). To obtain a value close to
the experimental value for β , we need a value for m higher
than used in [ 3, 8]. Choosing m in the range 250-300
MeV we find β = (2.5± 0.6) GeV−1 to be compared with
β = (2.7± 0.20) GeV−1 extracted from experiment. For
further details we refer to [ 7].
8 Conclusion
In [ 8] we have constructed a heavy-light chiral quark
model including soft gluonic effects and chiral loops. The
model describes the heavy-light sector reasonably well[
3, 4, 5, 6, 7, 8]. There is, however a difference compared
to the pure light sector where fpi is precisely known. If
fD and fB had been more precisely known, we would have
used them as numerical input (together with gA ) to fix m
and 〈qq〉 within the model. Instead we have used typical
values of m and 〈qq〉 (and gA ) as input, while fD and fB
become output. (For a very recent review on numerical
values for fD and fB, see [ 27])
The value of β turned out to be rather unstable [ 7] for
the values of m and 〈qq〉 used in [ 3, 8]. Higher values
of m are needed to obtain an acceptable β in agreement
with experiment. However, this will lead to values of fB
and fD which are too small . This can be compensated by
using a higher value of the quark condensate 〈qq〉. This is
acceptable because our model dependent quantities 〈qq〉
and 〈αspi G2〉 are not necessarily exactly those obtained in
QCD sum rules.
Table 1. Numerical values for the B-sector.
Input values I Input values II
GH (8.3±0.7) GeV−1/2 (7.2±0.5) GeV−1/2
〈 αspi G2〉1/4 (300±25) MeV (340±20) MeV
fB (190±50) MeV (185±30) MeV
fBs (210±70) MeV (215±45) MeV
fBs/ fB 1.14±0.07 1.22±0.02
ˆBBd 1.51±0.09 1.52±0.07
ˆBBs 1.4±0.1 1.4±0.1
ξ 1.08±0.07 1.16±0.04
In Table 1 we have given our numerical values for a few
important quantities in the B-sector. We have considered
two sets of input. The first one is I: m = 190 to 250 MeV
and−〈qq〉1/3 = 230 to 250 MeV [ 3, 7]. The second one is
II: m = 250 to 300 MeV and −〈qq〉1/3 = 250 to 270 MeV
[ 7]. In both cases, gA = 0.59. For further details we refer
to [ 3, 7, 8]. Note that the quantity ξ in the table is defined
as ξ =
(
fBs
√
ˆBBs
)
/
(
fBd
√
ˆBBd
)
as usual. We observe
that ˆB is very stable with respect to variations in the input
parameters.
Our model [ 8] is different from [ 15, 16] in the sense that
we include the (phenomenological) gluon condensate. The
figures 11 and 12 illustrates the importance of the gluon
condensate at different values of m. In figure 12 the curves
will be lifted for the quark condensate value II.
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Figure 12. fB as a function of the constituent light quark mass
with and without gluon condensate.
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